Abstract. In Malaysia, chlorination is used for drinking water disinfection at water treatment plants due to its cost-effectiveness and efficiency. However, the use of chlorine poses potential health risks due to the formation of disinfection by-products such as trihalomethanes (THMs). THMs are formed due to the reaction between chlorine and some natural organic matter. The objective of the study is to analyze the level of THMs in the water supply in Perlis, Malaysia. The water samples were collected from end-user tap water near the water treatment plant (WTP) located in Perlis, including Timah Tasoh WTP, Kampung Sungai Baru WTP, Arau Phase I, II, III, and IV WTPs. The THMs were analyzed using a Gas Chromatography-Mass Spectrometry (GC/MS). The results showed that the water supply from Timah Tasoh WTP generates the most THMs, whereas Kuala Sungai Baru shows the fewest amounts of total THMs. In conclusion, the presence of THMs in tap water has caused great concern since these components can cause cancer in humans. Therefore, the identification of THM formation is crucial in order to make sure that the tap water quality remains at acceptable safety levels.
Introduction
Chlorine is usually used in water treatment as a disinfectant agent and is very effective in reducing and eliminating waterborne diseases such as typhoid, cholera, hepatitis, dysentery, and gastrointestinal illness. [1, 2, 3, 5] . Chlorine reacts with organic matter in water to form Disinfected By-Products (DBPs) such as trihalomethanes (THMs), haloacetic acids (HAAs), and other compounds that are hazardous to human health [5, 6, 8, 13, 14, 15] . DBPs have established a large family of compounds and produce various stages of toxicological effects. THMs and HAAs are the major groups of DBP in drinking water.
Their establishment should be known and their level of compliance enforced in many countries (especially THMs and HAAs) [4, 9, 11] .
The formation, speciation, and concentration of CBPs in drinking water vary according to several factors related to water source characteristics, as well as operational parameters during treatment and drinking water distribution system characteristics [6, 10] . Hence, the aim of this paper is to identify the presence of DBP in the water distribution system in Malaysia, particularly in Perlis state. For this reason, the study is carried out on the following procedures. Firstly, water samples are collected from end-user tap water near several water treatment plants (WTP) located in Perlis such as Timah Tasoh WTP, Kampung Sungai Baru WTP, and Arau Phase I, II, III, and IV WTPs. Second, the samples are analyzed to detect the presence of several types and concentration of THMs using Gas Chromatography-Mass Spectrometry.
Methodology
Water samples were collected from four different water treatment centers in Perlis which are Timah Tasoh, Kampung Sungai Baru, Arau Phase I, II, and III, and Arau Phase IV water treatment plants as shown in Fig. 1 , Fig. 2 and Fig. 3 . However, since the water supplies from Arau Phase I, II, and III are combined with the Arau Phase IV water treatment plant inside a storage tank before being sent to the users, these treatment plants are considered to be one plant instead of two. After the sampling process was done, it was analyzed in the lab within 14 days of the extraction time, as suggested in USEPA 551.1. Standard quality controls also are carried out according to USEPA to check for instrument and laboratory capability. The water samples were analyzed by using Gas Chromatography-Mass Spectrometry with the following condition: the types of column are HP-5, the length of the column is 30m, and the Injector and Chloroform was found to be higher than other elements, especially in the Timah Tasoh area where some of it has violated the limit provided by WHO and USEPA as shown in Fig. 4 . Even though the pH around the area is slightly higher as compared to other locations, the chloroform formation seems to be contrasted to the report by Singer & Shi (2008) [12] where they claim the formation of chloroform is supposed to be lower in higher pH. However, this does not count other factors such as the present of ammonia in the raw water and the time contact between the chlorine and water. It is known that the pipeline between WTP to the household is the longest at Timah Tasoh, and due to the fact that it is a large area and with the current earth surface condition, it requires a long pipeline. The longer the pipeline system is, the higher the amount of organic matter buildup, especially when the storage and delivery tank are involved. So, all these factors will affect the formation of chlorine despite the fact that it has a higher pH. The area that receives a water supply from Kuala Sungai Baru shows the best results in this study. This is because its location is close to the residential area, thus required a shorter piping system. Since there is no storage tank is being used in this area, contributing factors such as organic buildup were automatically eliminated. That explains the unavailability of certain THMs in the water samples. 
Conclusions
This paper shows that THM formation is the highest in the tap water supplied by WTP Timah Tasoh, and the lowest amount of THMs is in tap water supplied by WTP Kuala Sungai Baru. Some of it even violated the guidelines provided by WHO [15] . The range of THM concentrations in all the areas is between 0.00mg/L to 0.50mg/L for all compounds. Chloroform (CHCl3) dominated the results, followed by bromodichloromethane (CHCl2Br). The other two almost give no results in this study, especially bromoform (CHBr3). The formation of THMs in the water received by the end-user has caused great concern since these substances can cause cancer in humans. This paper describes a few parameters that need to be taken consideration when conducting a standard testing. This is to reduce the possible error that can distort the results of the analysis.
